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Scand. J. Immunol. 34, 735-740, 1991 

Allelic Variation in the TNF-ß Gene Does Not 
Explain the Low TNF-ß Response in Patients 
With Primary Biliary Cirrhosis 

G . M E S S E R , U . S P E N G L E R * , M . C . J U N G , G . H O N O L D , 
J . E I S E N B U R G f , S. S C H O L Z } , E . D . A L B E R T } , G . R . P A P E * , 
G . R I E T H M Ü L L E R & E . H . W E I S S 

Institute of Immunology and * I I . Department of Internal Medicine, Klinikum Gro/?hadern, 
University of Munich, tKrankenhaus d. Barmherzigen Brüder, and ^Laboratory of 
Immunogenetics, University of Munich, Munich, Germany 

Messer G, Spengler U , Jung M C , Honold G, Eisenburg J, Scholz S, Albert ED, Pape GR, 
Riethmüller G, Weiss EH. Allelic Variation in the TNF-/? Gene Does Not Explain the Low T N F -
/? Response in Patients With Primary Biliary Cirrhosis. Scand J Immunol 1991;34:735 -40 

Autoimmune disorders in humans are often associated with particular alleles of major 
histocompatibility genes. However, the chronic inflammatory liver disease primary biliary 
cirrhosis (PBC) has not been found to be correlated with certain haplotypes so far. 

Interestingly, an impaired production of tumour necrosis factor ß (TNF-/?) upon mitogen 
stimulation was observed for PBC patients, especially in the immunologically active stages of the 
disease. Furthermore, the identification of alleles of the TNF-/? gene which differ in one unique 
amino acid, and in the production of TNF-/? after phytohaemagglutinin stimulation, has 
prompted the idea of a possible linkage between the impaired TNF-/? response in PBC and the 
genetic prevalence of a certain T N F haplotype. 

We report here a rapid method for typing the TNFB*1 and TNFB*2 genes by a standard 
polymerase chain reaction. PBC patients (n = 60) as well as randomized healthy controls {n = 179) 
of the Munich area were studied for the occurrence of the T N F alleles. No deviation was found in 
the PBC collective (0.7) for the TNFB*2 distribution when compared with the control (0.67). 

Dr Elisabeth II, Weiss, Institute of Immunology, University oj Munich, Gocthestr. 31, W-8000 
München 2, Germany 

Primary biliary cirrhosis (PBC) is a chronic 
cholestatic liver disease of unknown aetiology 
characterized by the destruction of intrahepatic 
bile ducts. Tissue damage is thought to be the 
result of an autoimmune process [1-5]. The 
disease is associated with many immunological 
defects including autoantibodies [6-10] and T 
lymphocyte immunoregulatory abnormalities 
which involve both CD4 * and C D 8 + cells [5, 11, 
12]. We have recently shown that T lymphocytes 
and T-cell lines from patients with PBC produce 
much lower amounts of tumour necrosis factor /? 
(lymphotoxin, TNF-/?) in response to phyto­
haemagglutinin (PHA) than T cells of controls 
[13, 14]. Since reduced inducibility of TNF-/? in 
PBC patients was also reflected in the amount of 
TNF-/? mRNA produced, this dysregulation 

must be controlled at least in part at the level of 
transcription. 

The localization of the tumour necrosis factor 
genes between the major histocompatibility com­
plex (MHC) class I and class I I I loci [15-18] has 
prompted the idea that a polymorphism of the 
T N F genes might be linked to autoimmune 
diseases. Several groups have investigated poss­
ible associations between M H C genes and PBC 
[19-22], but no strong associations with class I or 
class I I loci have been found so far. 

We have recently characterized two TNF-/? 
alleles (TN FB* 1 and TNFB*2) distinguished by a 
polymorphic Nco\ restriction site in the first 
intron of the TNF-/? gene, which differ in primary 
structure and in the inducibility upon stimulation 
with PHA [23]. The TNFB*1 allele (5.3-kb Nco\ 

735 
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TNF-/? gene fragment) codes for asparagine at 
position 26 and presents with a significantly 
higher TNF-/J m R N A and protein synthesis upon 
stimulation of peripheral blood mononuclear 
cells than the TNFB*2 allele (11-kb Ncol TNF-/? 
gene fragment) coding for threonine at position 
26. 

We analysed a large panel of PBC patients in 
order to find out whether the reduced TNF-/? 
response of these patients might be linked with 
the TNFB*2 allele. In addition, we present a 
rapid method for typing the TNF-/? Nco\ poly­
morphism and the result of a collective of 60 
caucasoid PBC patients from the Munich area 
compared with 179 healthy individuals. 

M A T E R I A L S A N D M E T H O D S 

DNA extraction and RFLP typing. D N A was 
extracted from fresh or cryopreserved peripheral blood 
lymphocytes either by lysis in 4 M guanidinium thiocya-
nate followed by phenol/chloroform/isoamylalcohol 
extraction and ethanol precipitation or alternatively by 
protease K digestion, NaCl precipitation of peptide 
debris and ethanol precipitation of the chromosomal 
D N A . For genomic southern blot analysis, 10 //g of 
D N A was digested with the restriction enzyme Nco\. 
The digests were separated on a 0.7% agarose gel, 
transferred to a nylon membrane (Hybond-N + , Amer-
sham & Buchler, Braunschweig, Germany) and hybri­
dized with the 2.4-kb TNF-/? EcoRl fragment detecting 
either a 1 1 -kb Nco\ fragment or a 5.7-kb and a 5.3-kb 
Nco\ fragment [23]. 

For polymerase chain reaction (PCR) typing of the 
TNF7-/? Nco\ restriction fragment length polymorphism 
(RFLP), the following primers were used: TNF-/?L (5'-
C C G T G C T T C G T G C T T T G G ACTA-3 ' ) located in 
the 5' untranslated region, and TNF-/?R (5'-
A G A G C T G G T G G G G A C A T G T C T G - 3 ) within the 
second intron of the TNF-/? gene (see Fig. 1), resulting 
in the amplification of a fragment o f 740 bp. The 
amplification was carried out in a 20 p\ reaction for 30 
cycles with 0.5 to 1.0 fig genomic D N A and 1.4 U Taq 
polymerase (Amersham & Buchler) in a Hybaid ther-
mocycler (Biometra, Göt t ingen , Germany). The initial 
denaturation step was increased to 6 min and each PCR 
cycle contained 1 min of denaturation, I min of 
annealing at 55 C and 1 min of extension reaction at 
72 C. For optimal amplification the M g 2 + concentra­
tion of the reaction buffer was adjusted to 1 m M [24]. 
Five microlitres o f amplification product were restricted 
in 50 / i l o f Ncol reaction buffer with 0.5 U of the enzyme 
Nco\ and loaded on a 1.5% agarose gel. The presence of 
the Nco\ recognition sequence in intron 1 o f the TNF-/? 
gene ( T N F B * I allele) resulted in two cleavage products 
of 555 bp and 185 bp, whereas the TNFB*2 allele was 
detected as the intact amplified 740-bp fragment. In the 
study, control genomic D N A samples homozygous for 
either one or the other T N F B allele were amplified and 

restricted in parallel with the samples tested. Eight 
individuals of the controls and 9 patients of the PBC 
group were tested both by digestion of genomic D N A 
and by RFLP analysis of the PCR amplification 
product, and no deviation was detected. 

Patients and controls. Six male and 54 female patients 
of PBC aged 32 to 64 years were collected from two 
referral centres of the Munich area. Diagnosis of PBC 
was established by clinical, biochemical and histological 
criteria and all patients had significant titres of antimi­
tochondrial autoantibodies. Additional criteria for his­
tological staging were employed according to Scheuer 
[25]. 

As the control group, 179 healthy, unselected and 
unrelated individuals were typed for the T N F B Ncol 
RFLP, either by genomic southern blot analyses or by 
PCR typing. Owing to the random selection, the 
distribution of females versus males was equal. 

HLA serology. H L A typing for H L A - A , -B. -C 
antigens was carried out by standard microlymphotoxi-
city testing. Twenty-nine PBC patients and 44 indi­
viduals of the control group were typed for H L A class I 
and I I antigens. Allele frequencies were compared with 
data from reference tables [26]. 

Statistical analyses. T N F B allele frequencies (Table 
I) were calculated by gene counting of the observed 
phenolypes. The control group was analysed by Hardy-
Weinberg equilibrium and presented no significant 
deviation. Relative risks were estimated according to 
Haldane's formula. Contingency tables were analysed 
by the Chi-square test [19]. 

R E S U L T S 

Amplification of a 740-bp exon 1 /intron 3 carry­
ing fragment of the human TNF-/? gene was 
performed from genomic D N A (Fig. I ) . The 
amplification primers were chosen such that the 
Ncol restriction site was in an excentric position. 
Thus, amplification and Ncol restriction of the 
TNFB*1 allele resulted in two fragments of 185 
bp and 555 bp in length. The T N F B phenotype 
frequencies of 179 healthy, randomly selected 
individuals are given in Table I . The gene frequen­
cies were 0.33 for the TNFB*1 allele and 0.67 for 
TNFB*2. No deviation from the expectations 
according to Hardy-Weinberg equilibrium was 
found. The distribution of the T N F B alleles did 
not differ significantly between female and male 
individuals. 

In PBC patients, no difference in the frequency 
of TNFB* 1 phenotypes (10%) was found com­
pared with the control (11.2%) (see Table I , in 
brackets). Heterozygosity was decreased (40%) 
and the TNFB*2 phenotype was increased in the 
patients (50%) compared with the controls 
(43.6% and 45.2%. respectively). The overall 
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TNFA 

2 3 

CCGTGCTTCGTGCTTTGGACTA 

FIG. 1. Strategy for PCR-typing of the Nco\ RFLP of the human T N F - / ? gene. The 
genomic structure of the linked human TNF-/? and TNF-a genes is shown in A . Exons are 
indicated as black boxes with the numbers above. The position and the sequence of the 
oligonucleotide primers used for PCR amplification of genomic D N A resulting in a 740-
bp fragment are depicted underneath. The open triangle indicates the Nco\ restriction site 
present in the first intron of the TNFB*1 allele. 

Fig. 1 B shows the result of the /Va;I-restricted products obtained from 18 different PBC 
patients. The 1-kb molecular weight marker (BRL, Karlsruhe, Germany) was co-
electrophoresed in the last lane on the right. The sizes of the fragments after Ncol 
restriction are given on the right side (740 bp for the TNFB*2 allele; 555 bp and 185 bp for 
the T N F B * I allele). The patient four from the left is homozygous for the TNFB*1 allele. 

distribution of the TNFB*1 allele was insignifi­
cantly reduced in PBC (0.3) compared with the 
controls (0.33), and the relative risk of 1.16 for the 
TNFB*2 allele did not reveal an association of 
the more frequently found TNFB*2 allele to the 
disease. To further evaluate whether a correlation 
with H L A haplotypes could be found, we investi­
gated H L A class I and class I I antigens in the 
patients who were available for typing (PBC 
/7 = 29, and control n — 44). H L A typing of the 
patients did not show a strong association of 
specific HLA haplotypes with PBC (data not 
shown). In general, a similar increase for certain 
H L A class I antigens has been observed as 
previously reported by Prochazka et al. [22]. Gene 
frequencies in the control group were identical to 
those obtained by the population analysis of Baur 
et al. (in Ref. 26), demonstrating that no bias due 
to the sampling procedure was present. 

D I S C U S S I O N 

The high frequency of HLA-B8 and H L A - D R 3 
antigens among patients with autoimmune dis­
eases, and the tight linkage of the TNFB*1 allele 
with the B8-DR3 haplotype [27-29], has raised 
the possibility that variations of the T N F genes 
might be related to the individual disease suscep­
tibilities. Thus, several groups have studied the 
association of the diallelic Nco\ RFLP indicative 
for the two TNF-/? alleles, although often only a 
small collective of patients, with the following 
diseases: diabetes mellitus ( I D D M , Refs 27-29), 
Grave's disease [30], systemic lupus erythemato­
sus (SLE), pauciarticular juvenile rheumatoid 
arthritis (P-JRA), rheumatoid arthritis (RA) and 
primary Sjogren's syndrome (pSS, Ref. 31). No 
increase in the frequency of one allele was found 
when comparing with HLA-matched controls. 
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TABLE: I . Distribution of the T N F B phcnotypcs in 60 patients 
with PBC (primary biliary cirrhosis) in comparison to 179 
healthy randomly selected individuals. The phcnolype is 
given in numbers and as calculated percentage (in brackets). 
Expected values of the control group are calculated accord­
ing to the Hardy-Weinbcrg equilibrium for the distribution 
of the T N F B * 1 and TNFB*2 alleles and are given under the 
observed number. The gene frequencies of T N F B * I and 
TNFB*2 are given underneath. Relative risk for PBC in the 
TNFB*2 group ( R R = 1 . I ) is calculated by Haldane's for­
mula; the 2 x 2 tables are calculated as shown in Tiwari & 
Terasaki [19]. 

TNFB*1 T N F B * 12 T N F B * 2 

PBC 6(10%) 24(40%) 30(50%) 
(/? = 60) 0.3 0.7 

Controls 20(11.2%) 78 (43.6%) 81 (45.2%) 
Expected 19.5(10.8%) 78.8 (44.2%) 80.4(44.9%) 
(/i =179) 0.33 0.67 

Chi-square = 0.4; />>0.05. 

Only a higher number of heterozygotes among 
patients with I D D M was observed [27. 29]. When 
additional HLA-associated susceptibilities such 
as ankylosing spondylitis [32, 33], Hashimoto's 
thyroiditis [34], multiple sclerosis and optic neuri­
tis [35] were analysed, again no significant devia­
tion in gene or phenotype frequencies was found. 

Although no strong association was detected 
between H L A alleles with PBC, the possibility 
remained that the presence of a particular T N F 
allele might contribute to the pathogenesis of the 
disease. Fugger et al. reported a significantly 
decreased frequency of the TNFB*2 allele in 22 
patients with PBC [36]. The analysis of 60 patients 
presented here demonstrates no association of 
one particular TNF-/? allele with the disease. The 
gene frequencies are the same as in the control 
group and in agreement with the distribution 
described in previous reports [27, 29, 32, 36]. 
Thus, no association can be found between PBC 
and the Nco\ RFLP. The question has been raised 
as to whether differences exist in the T N F genes 
between healthy individuals and patients which 
cannot be detected by RFLP analyses. In our 
study of the linkage of the Nco\ RFLP with the 
amino acid substitution at position 26 and of the 
TNF-a promoter region, we have amplified and 
sequenced the relevant segments of PBC patients, 
homozygous for the Nco\ RFLP (5 patients for 
the 5' gene segment of the TNF-/? gene and 3 
patients for the TNF-a gene promoter), and no 

further nucleotide differences have been found 
[23]. 

The results presented here argue against a 
particular TNF-/? allele being involved in the 
pathogenesis of PBC. Moreover, the observed 
low production of TNF-/? mRNA and protein in 
patients with PBC [5, 13, 14] cannot be explained 
by a unique structure of the TNF-/? gene in 
patients, but might be caused by a disease-specific 
inability in the activation of transcription factors 
regulating TNF-/? gene expression. In this con­
text, it was of interest to learn that the low TNF-/? 
response of T lymphocytes derived from PBC 
patients may be due to the low interlcukin 2 (IL-2) 
production by these cells [37]. Moreover, mice 
used as model systems for autoimmune diseases 
( N Z B x N Z W ) F l in which autoimmunity has 
been attributed to low TNF-a synthesis [38], or 
M R L / L p r mice, might also have a reduced IL-2 
response [39-41]. 

A C K N O W L E D G M E N T S 

We thank S. Meyer and M . Lang for skilful 
technical assistance and Drs K. Badenhoop and 
G. M . Verjans for communicating results on the 
Nco\ polymorphism. We also acknowledge Drs 
A. Andreas and E. Keller for helpful discussion 
on the manuscript. This work has been supported 
by grants from the Deutsche Forschungsgemeins-



TNFB RFLP and Primary Biliary Cirrhosis 739 

chaft (SFB 217) and the Wilhelm Sander Stiftung 
(Grant No. 83.015.3 Pa), and is part of the 
doctoral thesis of G . M . 

R E F E R E N C E S 

1 Thomas HC, Epstein O. Pathogenetic mechanisms 
in primary biliary cirrhosis. Springer Sem Immun-
palhol 1980;3:375-84. 

2 Kaplan M M . Primary biliary cirrhosis. N Engl J 
Med 1987;9:521-8. 

3 Ludwig J. New concepts in biliary cirrhosis. Sprin­
ger Sem Liv Dis 1987:7:293 301." 

4 Gershwin ME, Mackay 1R. Primary biliary cir­
rhosis: Current knowledge, perspectives, future di­
rections. Springer Sem Liv Dis 1989:9:149 57. 

5 Pape GR, Spengler U , Hoffmann R M . Jung M C . 
Pathogenesis of primary biliary cirrhosis: New 
aspects for a role of T-lymphocytcs. In: Krawitt EL. 
Wiesner R H . eds. Autoimmune Liver Disease. New-
York: Raven Press, 1991:43 62. 

6 Gershwin ME, Mackay IR. Sturgess A. Coppel RL. 
Identification and specificity of a c D N A encoding 
the 70 kD mitochondrial antigen recognized in 
primary biliary cirrhosis. J Immunol 
1987; 138:3525-3 L 

7 Penner E, Müller S. Zimmermann D, Van Regen-
mortel M H . High prevalence of antibodies to 
histones among patients with primary biliary cir­
rhosis. Clin Exp Immunol 1987:70:47-52. 

8 Berg PA, Klein R. Heterogeneity of antimitochon­
drial antibodies. Springer Sem Liv Dis 1989:9:103 
16. 

9 Szostecki C, Guldner H H . Netter HJ, Will H . 
Isolation and characterization of c D N A encoding a 
human nuclear antigen predominantly recognized 
by autoantibodies from patients with primary bili­
ary cirrhosis. J Immunol 1990:145:4338 47. 

10 Courvalin J-C, Lassoued K, Worman HJ. Blobel G. 
Identification of antibodies against the nuclear 
envelope laminin B receptor from patients with 
primary biliary cirrhosis. J Exp Med 1990:172:961 
7. 

11 James SP, Hoofnagle JH. Slrober W, Jones EA. 
Primary biliary cirrhosis: A model autoimmune 
disease' Ann Intern Med 1983:99:500 12. 

12 Spengler U , Pape GR, Hoffmann R M . Johnson J P. 
Eisenburg J, Paumgartner G, Riethmüller G. Dif­
ferential expression of M H C class I I subregion 
products on bile duct epithelial cells and hepatocytes 
in patients with primary biliary cirrhosis. Hepa-
tology 1988:8:459 62. 

13 Spengler U , Möller A, Jung M C , Hoffmann R M , 
Eisenburg J, Riethmüller G. Paumgartner G. Pape 
GR. Decreased production of lymphotoxin by T-
cells in primary biliary cirrhosis (PBC). Hepatology 
1988:8:1314. 

14 Spengler U, Möller A, Jung MC, Messer G. Zacho­
val R, Hoffmann R M . Eisenburg J, Paumgartner G, 
Riethmüller G, Weiss EH, Pape GR. T lymphocytes 
from patients with primary biliary cirrhosis produce 
reduced amounts of lymphotoxin. tumor necrosis 

factor and interferon gamma upon mitogen stimula­
tion. Eur J Hepatol, (in press). 

15 Dunham I . Sargent CA. Trowsdale J. Campbell 
RD. Molecular mapping of the human major 
histocompatibility complex by pulsed-field gel elec­
trophoresis. Proc Natl Acad Sei USA 1987:84:7237 
41. 

16 Carroll M C . Katzman P, Alicot E M , Koller BH, 
Geraghty DE. Orr HT, Strominger JL. Spies T. 
Linkage map of the human major histocompatibi­
lity complex including the tumor necrosis factor 
genes. Proc Natl Acad Sei USA 1987:84:8535-9. 

17 Inoko H , Trowsdale J. Linkage of T N F genes to the 
H L A - B locus. Nucleic Acids^Res 1987;15:9857-62. 

18 Ragoussis J, Blömer K, Weiss EH, Ziegler A. 
Localisation of the genes for tumor necrosis factor 
and lymphotoxin between the H L A class I and class 
I I I regions by field inversion gel electrophoresis. 
Immunogenetics 1988;27:66-9. 

19 Tiwari JL. Terasaki PI. H L A and Disease Associ­
ations. New York: Springer-Verlag. 1985. 

20 Bassendine M F . Dewar PJ, James OFW. H L A - D R 
antigens in primary biliary cirrhosis: lack of associ­
ation. Gut 1985:26:625 8' 

21 Gores GJ, Moore SB. Fisher L D , Powell FC, 
Dickson ER. Primary biliary cirrhosis: associations 
with class I I major histocompatibility complex 
antigens. Hepatology 1987:7:889 92. 

22 Prochazka EJ, Terasaki PI , Park MS. Goldstein L I . 
Busuttil RW. Association of primary sclerosing 
cholangitis with HLA-DRw52a. N Engl J Med 
1990:26:1842 4. 

23 Messer G, Spengler U , Jung MC, Honold G, Pape 
GR, Riethmüller G, Weiss EH. Polymorphic struc­
ture of the T N F locus: A Ncol polymorphism in the 
first intron of the human TNF- / i gene correlates 
with a variant amino acid in position 26 and a 
reduced level of TNF-/f production. J Exp Med 
1991:173:209 19. 

24 Saiki RK, Gel fand D H , Stoffel S, Scharf SJ, Higuchi 
R. Horn GT, Mullis K B , Ehrlich HA. Primer-
directed enzymatic amplification of D N A with a 
thermostable D N A polymerase. Science 
1988:239:487 91. 

25 Scheuer PJ. Liver biopsy interpretation. Baillere, 
Tyndall. Cassel. London; 1980:47-9. 

26 Albert ED, Baur MP, Mayr WR. Histocompatibi­
lity Testing. New York: Springer-Verlag. 1984. 

27 Badenhoop K. Schwarz G, Trowsdale J, Lewis V, 
Gale E A M , Botazzo GF. TNF-a gene polymor­
phisms in type 1 (insulin-dependent) diabetes melli­
tus. Diabetologia 1989;32:445-8. 

28 Dawkins RL, Leaver A, Cameron PU, Martin E, 
Kay PH, Christiansen FT. Some disease-associated 
ancestral haplotypes carry a polymorphism of T N F . 
Human Immunol 1989:26:91 7. 

29 Pociot F. Mölvig J, Wogensen L, Worsaae H , 
Dalboge H, Baek L, Nerup J. A tumour necrosis 
factor beta gene polymorphism in relation to mono­
kine secretion and insulin-dependent diabetes melli­
tus. Scand J Immunol 1991:33:37-49. 

30 Badenhoop K, Schwarz G. Schleusener H , Weet-
man AP, Recks S, Peters H . Botazzo GF, Usadel 
K H . Tumor necrosis factor beta (TNF-/J) gene 



740 G. Messer et al. 

polymorphism in Grave's disease. J Clin Endocrinol 
Metab, (in press). 

31 Fugger L, Morl ing N , Ryder LP, Georgsen J, 
Jakobsen BK, Svejgaard A, Andersen V, Oxholm P, 
Karup Pedersen F, Friis J, Halberg P. Nco\ restric­
tion fragment length polymorphism (RFLP) of the 
tumor necrosis factor (TNF-a) region in four 
autoimmune diseases. Tissue Antigens 1989;34:17-
22. 

32 Verjans G M , van der Linden SM, van Eys GJJM, de 
Waal LP, Kijlstra A. Restriction fragment length 
polymorphism of the tumor necrosis factor (TNF) 
region in patients with ankylosing spondylitis. Ar th ­
ritis Rheum 1991;34:486-9. 

33 Verjans G M , Messer G, Weiss EH, van der Linden 
SM, Kijlstra A. Polymorphism of the tumor 
necrosis factor genes in autoimmune diseases. In: 
Rheumatism Disease Clinics of Northern America, 
(in press). 

34 Badenhoop K, Schwarz G, Walfish PG, Drummond 
V, Usadel K H , Botazzo GF. Susceptibility to 
thyroid autoimmune disease: Molecular analysis of 
H L A - D region genes identifies new markers for 
goitrous Hashimoto's thyroiditis. J Clin Endocrinol 
Metab 1990;71:1131-7. 

35 Fugger L, Morl ing N , Sandberg-Wollheim M , 
Ryder LP, Svejgaard A. Tumor necrosis factor 
alpha gene polymorphism in multiple sclerosis and 
optic neuritis. J Neuroimmunol 1990;27:85-8. 

36 Fugger L, Morl ing N , Ryder LP, Platz P, Georgsen 
J, Jakobsen BK, Svejgaard A, Da lhof fK, Ranek L. 
Nco\ restriction fragment length polymorphism 
(RFLP) of the tumor necrosis factor (TNF-a) region 
in primary biliary cirrhosis and in healthy Danes. 
Scand J Immunol 1989;30:185-9. 

37 Saxena S, Nouri-Aria K T , Anderson M G . Inter-
leukin 2 activity in chronic liver disease and the 
effect of in vitro a-interferon. Clin Exp Immunol 
1986;63:541-8. 

38 Jacob CO, McDevitt HO. Tumor necrosis factor-a 
in murine autoimmune 'lupus' nephritis. Nature 
1988:331:356-8. 

39 Altman A, Theofilopoulos N , Weiner R, Katz D H , 
Dixon FJ. Analysis of T cell function in autoim­
mune murine strains. J Exp Med 1981; 154:791 -808. 

40 Santoro T, Luger T A , Ravache ES, Oppenheim JJ, 
Steinberg A D . In vitro correction of the interleukin 
2 defect of autoimmune mice. Eur J Immunol 
1983;13:601-4. 

41 Gutierrez-Ramos JC, Andreu JL, Revilla J, Vinuela 
E, Martinez-A C. Recovery from autoimmunity of 
M R L / L p r mice after infection with an interleukin-
2/vaccinia recombinant virus. Nature 
1990;346:271-4. 

Received 19 Apr i l 1991 
Accepted in revised form 22 July 1991 


